immediately. However, Since a Solidifying Speed is slow in another portion of the Silicon film, crystallization progresses from the portion near the aluminum nitride film. When a substrate temperature is 400 C. or higher at laser irradiation, Since a Solidifying Speed is decreased, a crystal linity of the silicon film is increased. Also, when the Sub Strate is thin, the crystallinity of the Silicon film is increased. The present invention relates to a method for producing a Semiconductor device using a Semiconductor having crys talline.
A thin film transistor (TFT) and a thin film diode (TFD) using a crystalline Silicon thin film Semiconductor are well known. The TFT and TFD are constructed by forming a thin film Semiconductor on an insulating Substrate or an insulat ing surface formed on a semiconductor substrate. The TFT is used in various integrated circuits. In particular, The TFT may be used as a Switching element to be formed in each pixel of an active matrix type liquid crystal display device, a driver element formed in a peripheral circuit portion, and an element of a three dimensional integrated circuit.
To obtain a crystalline Silicon film used in Such element, a method for heating an amorphous silicon film at 600 C. or higher is well known. In this method, a crystalline Silicon film is obtained by Solid-phase-growing a Silicon film having an amorphous state (an amorphous Silicon film). Also, to obtain a crystalline Silicon film, a method for melting a Silicon film by irradiating a laser light or an intense light corresponding to the laser light and then cooling the Silicon film for Solidification is well known.
However, a silicon film obtained by these methods is polycrystalline. Therefore, Since there are grain boundaries in the silicon film, characteristics of a TFT having such silicon film are inferior to that of a TFT having a single crystalline Silicon film. In addition, Since a generating posi tion of grain boundaries cannot be adjusted, variations in characteristics of TFTs to be formed are extremely large.
SUMMARY OF THE INVENTION
The object of the present invention is to solve the above problem, and to obtain a Silicon film having a high crystal linity by adjusting progreSS of crystallization and a gener ating position of grain boundaries.
In the present invention, a Silicon film is melted by irradiating a pulse laser light or an intense light (coherent light or incoherent light) corresponding to the pulse laser light, that is, a light energy which an output is varied largely. After irradiating the light energy, Solidification is adjusted by providing a two dimensional differences in a cooling speed of a silicon film. One portion of a silicon film in which a cooling Speed is fast is crystallized early by Solidification. Another portion of the silicon film in which the cooling Speed is slow produces a State which crystallization is not made. In Such State, Since the crystallized portion becomes nucleus, a crystal growth extends from the one portion to the another portion. As a result, an obtained crystalline Silicon has an extremely high crystallinity. When a Suitable condi tion is Set, a Substantially Single crystalline Silicon film in which grain boundaries are not present in an area of 10 um to 1 mm Square can be obtained.
In the present invention, in order to obtain the above cooling Speed distribution, a film having a high thermal (heat) conductivity material Such as aluminum nitride, boron nitride, and diamond may be formed selectively. These materials may be crystalline or amorphous.
A silicon film is formed directly or indirectly on or under the high thermal conductivity material film. When the high 2 thermal conductivity material film is formed on the silicon film, this film can be removed after crystallization proceSS ing. Therefore, degree of freedom in a device Structure is increased. Also, when diamond is Selected as the high thermal conductivity material, it can be removed by Oxida tion easily using hydrogen plasma processing or the like.
In the present invention, a Silicon film may be amorphous, microcrystalline, or polycrystalline. The Silicon film is Selected in accordance with absorbency of the laser light or the like. When the silicon film having crystalline is not completely melted, remaining portions of the Silicon film become nucleus, So that another crystal growth different from the crystal growth in the present invention may pro duce.
To further effectively obtain a silicon film having a high crystallinity in the present invention, the Silicon film may be heated at 400 C. or higher when irradiating a laser light or the like. Since this heating decreases generally a cooling Speed after a laser irradiation, it is effective in progress of crystal growth.
A Substrate may be thin. Since the Substrate also operates as a heat Sink, heat Supplied to the Silicon film by irradiating a laser light or the like is absorbed immediately by the Substrate. When the Substrate is thick, a thermal capacity is large, and it tends to enhance this relationship. On the other hand, when the Substrate is thin and is Surrounded by a thermal insulating material, heat diffusion is prevented. This also decreases generally a cooling Speed after a laser irradiation, it is effective in progreSS of crystal growth.
When there is a problem in a mechanical stress by thinning the whole substrate, the same effect is obtained by thinning only necessary portion of the Substrate. For example, a hole is formed in only portion of the Substrate corresponding to a region in which a thin film transistor (TFT) is formed.
It is further effective when a method for heating a silicon film combines with a method for thinning a substrate.
When a TFT is formed using the above obtained silicon film having a high crystallinity, a portion having a single crystalline State or a Substantially single crystalline State may be formed as a channel forming region of the TFT. The Substantially single crystalline State does not represent a complete crystalline State but a State wherein through it is necessary to neutralize dangling bonds in a crystalline region by adding hydrogen or halogen element, a crystal orientation other than a main crystal orientation is 1% or leSS by a structure analysis method Such as an X-ray diffraction method and a Raman Scattering spectroscopic analysis (a State that crystal orientation is aligned largely). Since Such Single crystalline State or Substantially single crystal State is not obtained in a region in which a high thermal conductivity material film is formed, essentially a channel forming region is formed in another region other than the region in which the high thermal conductivity material film is formed.
In the present invention, a crystal nucleus always pro duces at a desired position in a cooling process after a laser irradiation. A crystal growth Stably occurs from the desired position. Therefore, the crystallization process has extremely high reproducibility. Also, a variation in crystal linity due to a change of laser energy is Sufficiently Small, So that a yield of a thin film semiconductor device to be obtained is extremely high. In the embodiment, although the regions 102 and 103 are formed by the same material, the regions 102 and 103 may be formed by different materials. For example, the region 102 may be formed by a high thermal conductivity material and the region 103 may be formed by a low thermal conductivity material.
After that, a silicon oxide film (SiO2) 104 having a thickness of 500 to 5000 A, preferably, 500 to 3000 A is formed by plasma CVD. To improve thermal conduction, the silicon oxide film 104 prefers as thin as possible.
An amorphous Silicon film having a thickness of 100 to 1OOO A, preferably, 400 to 800 A, for example, 500 A is formed by plasma CVD and low pressure CVD (LPCVD).
In the embodiment, an amorphous silicon film 105 having a thickness of 1000A is formed by plasma CVD.
Also, a KrF excimer laser (wavelength of 248 nm and pulse width of 30 ns) is irradiated in vacuum. An energy density of the laser to be irradiated is 200 to 450 m.J/cm.
The number of shots is 2 to 5 shots for each portion. A substrate temperature is a room temperature (RT) or 500° C.
The laser may include a ultraViolet laser Such as an XeCl excimer laser (wavelength of 308 nm) and an ArF excimer laser (wavelength of 193 nm), a visible light laser Such as a ruby laser, and an infrared laser such as a Nd:YAG laser. However, the laser to be irradiated is a pulse oscillating laser. Substrate is maintained at a room temperature (TS=RT) in comparison with a case wherein a Substrate is maintained at 500° C. (TS=500° C). A time when a temperature state of a freezing point (PT) temperature or higher is maintained, on the aluminum nitride, is shorter than that on the Silicon oxide, and also the maintaining time in the case wherein the Substrate is maintained at the room temperature is shorter than that in the case wherein the Substrate is maintained at Flow of heat will be described in the above state. When a laser irradiation region into which a laser beam is irradi ated does not cover a region Surrounded by the aluminum nitride regions 102 and 103 or when the aluminum nitride regions 102 and 103 is apart from each other (as shown in  FIG. 6A ), heat energy Supplied to the Silicon film transmits to Surrounding regions. Since a speed which heat diffuses to a region into which a laser is not irradiated through the aluminum nitride film is fast, heat mainly transmits one dimensionally to the aluminum nitride regions along the laser irradiation region.
In (d)). Also, the temperature decreases slowly in a case wherein the Substrate is thin (t=30 um) in comparison with a case wherein the Substrate is thick (t=1.1 mm). As a result, even if a laser is irradiated at a room temperature, when a thickness of the Substrate is thin and 30 um and when is a thermal insulating State is maintained, as an arrow shown in FIG. 1B, crystal lization from the aluminum nitride region to a peripheral region is observed in a length of 10 to 1000 um.
When the above thin Substrate is heated at 400° C. or higher by an infrared lamp or the like in a thermal insulating State and then laser irradiation is performed, a Silicon film having further high crystallinity can be obtained. From the above, the silicon film is crystallized. (FIG. 1B) To further improve crystallization of a silicon film or increase a crystallinity of the Silicon film, an element Such S as nickel for promoting crystallization is added to the Silicon film at a concentration of 1x10" to 1x10' atoms/cm.
After the above laser irradiation, the Silicon film is pat terned and etched to form an island like Silicon film region 106. Also, a silicon oxide film 107 having a thickness of 500 to 2000 A, preferably, 700 to 1500 A is formed as a gate oxide film by plasma CVD. Further, a polycrystalline silicon film having a thickness of 2000 A to 1 lum is formed by LPCVD and then patterned and etched to form gate elec trodes 108 (for an N-channel type TFT) and 109 (for a P-channel type TFT). To increase a conductivity, phosphorus is doped into the polycrystalline Silicon film at 1 ppm to 5 atoms %. (FIG. 1C) After that, impurities (phosphorus and boron) are implanted into an island like silicon film of each TFT by ion doping (plasma doping) using a gate electrode portion as a mask in a Self-alignment. A doping gas is phosphine (PH) in phosphorus doping and diborane (BH) in boron doping.
A dose is 5x10' to 6x10 cm. Doping is performed alternately using a mask.
A KrF excimer laser (wavelength of 248 nm and pulse width of 30 ns) is irradiated to increase a crystallinity of a portion which a crystallinity is decreased by introducing the above impurities. An energy density of a laser is 150 to 400 mJ/cm, preferably, 200 to 250 m.J/cm. As a result, an N-type impurity (phosphorus) region 110 and a P-type impurity (boron) region 111 are formed. A sheet resistance of these regions is 200 to 800 G.2/square. This process may be performed by increasing a tempera ture up to 1000 to 1200° C. (a silicon monitor temperature)
for a short time using a flash lamp for generating an intense light corresponding a laser light instead of the laser light and heating an object. This is called a rapid thermal anneal (RTA) or a rapid thermal process (RTP).
After that, a silicon oxide film having a thickness of 3000 to 8000A is formed as an interlayer insulator 112 by plasma CVD at a substrate temperature of 250° to 450° C., for example, 350° C. A film formation is performed under a condition that a flat film can obtained. To obtain further planerization on a Surface, it is effective to mechanically polish the silicon oxide film.
The interlayer insulator 112 is etched to contact holes in progresses. (FIG. 2A) To further improve crystallization of a silicon film or increase a crystallinity of the Silicon film, an element Such as nickel for promoting crystallization is added to the Silicon film at a concentration of 1x10" to 1x10' atoms/cm.
Laser irradiation may be performed after patterning and etching of the silicon film 203 to form island like silicon film regions 206 and 207, as shown in FIG. 2B. The polycrys talline diamond film transmits sufficiently a laser light to be used. However, the silicon film formed under the polycrys talline diamond film is not crystallized sufficiently.
The polycrystalline diamond films 204 and 205 are oxi dized by placing them in an oxygen plasma. A remaining portion of the polycrystalline diamond films (mainly amor phous carbon) can be removed completely by washing using hydrogen peroxide Sulfate water.
The silicon film 203 is patterned and etched to form the island silicon film regions 206 and 207. Regions 213 and 214 in the regions 206 and 207 are formed under the polycrystalline diamond and a crystallinity of a Silicon film is extremely low. However, in the embodiment, Since Such regions are used as a region other than a channel forming region of a TFT, no problem produces.
A silicon oxide film having a thickness of 500 to 2000 A, for example, 1200 A is deposited by plasma CVD, and then an aluminum (containing Scandium of 0.01 to 0.2 weight %) film having a thickness of 3000 to 8000 A, for example, 6000 A is formed by Sputtering. Further, the aluminum film is patterned to form gate electrodes 209 (for an N-channel type TFT) and 211 (for a P-channel type TFT).
These aluminum gate electrodes are anodized to form oxide layers 210 and 212 on Surfaces of the electrodes. Anodization is performed in an ethylene glycol Solution containing tartaric acid of 1 to 5%. A thickness of the formed oxide layers 210 and 212 is about 2000 A. Since the oxide layers 210 and 212 are concerned with a thickness forming an offset gate region in an ion doping process, a length of the offset gate region can be determined in the above anodiza tion process. (FIG. 2C) Next, by ion doping (plasma doping), an N-type impurity (phosphorus) and a P-type impurity (boron) are added into the island like silicon film regions 206 and 207 using a gate electrode portion (the gate electrodes 209 and 211 and the Surrounding oxide layers 210 and 212) as a mask in a self-alignment. A dose is 5x10' to 8x10" cm, for example, 1x10" cm in phosphorus and 2x10" cm in boron. As a result, an N-type impurity region 215 and a P-type impurity region 216 are formed. The impurity regions are apart from the gate electrodes by a thickness of the anodic oxide layers 210 and 212 and therefore it is in an These regions are used as a source or a drain in a TFT (FIG.  2D) A silicon oxide film 217 having a thickness of 6000 A is formed as an interlayer insulator by plasma CVD. Contact holes are formed in the interlayer insulator 217, and then electrode-interconnects (wirings) 218 to 220 of a TFT are formed by a multilayer film of metallic materials, for example, titanium nitride and aluminum. Annealing is per formed at 350° C. in an atmosphere containing hydrogen at one air pressure for 30 minutes, to perform hydrogenation of Silicon The hydrogenation may be performed by implanting an accelerated hydrogen ion at 0.001 to 5 atoms % by ion doping. As a result, an active matrix pixel circuit having TFTs is completed. (FIG. 2E) EMBODIMENT 3
In the embodiment, a thin region is formed in a Substrate, and a TFT is formed on the thin region. FIG. 5 shows a schematic view of a cross section of a TFT. A thin region 502 having, for example, a Size of 50x200 um and a thickness of 50 um is formed in a Substrate 501 having a thickness of 1.1 mm. On such region 502, by a thermal insulating effect, a cooling Speed of a Silicon film is slow and the same effect as shown in FIG. 4 is obtained.
AS a result, crystals having a Sufficient size are obtained in a silicon film on the region 502. However, since the Substrate is thick in another region, a crystallinity of an obtained crystalline Silicon film is not So high. In the embodiment, as Similar to Embodiment 1, an aluminum nitride film is Selectively formed on a Substrate, and then a Silicon oxide film as a base film and an amorphous Silicon film are deposited.
Further, a KrF excimer laser (wavelength of 248 nm and pulse width of 30 ns) is irradiated in vacuum. An energy density in a laser to be irradiated is 200 to 450 ml/cm'. A Substrate temperature is a room temperature. As a result, regardless of laser irradiation at a room temperature, as Similar to another embodiment, a crystal growth having a transverse direction, that is, a crystal growth from an alu minum nitride region to a Surrounding region, is observed. As a typical characteristic of a TFT produced by the obtained crystalline silicon film, a mobility is 250 to 750 cm/Vs in an N-channel type.
By the present invention, a TFT having at least channel forming region constructed by Substantially Single crystal line Silicon film can be produced. As a result, characteristics of a TFT are improved largely. The present invention can be applied to not only a TFT but also a device using another thin film Semiconductor and is effective on improving these characteristics.
Also, in the embodiments, a thin film Semiconductor device Such as a TFT formed on an insulating Substrate is described. However, the present invention is effective with respect to a TFT formed on a single crystalline Semicon ductor Substrate. In a conventional crystallization process after laser irradiation, Since a crystal nucleus does not produce Stably, a crystallinity of an obtained Silicon film is changed largely by a laser energy. That is, if an energy is too low, Since a Silicon film is not melted Sufficiently, a crystal growth is insufficient. Also, if an energy is too high, Since a Silicon film is melted completely, a crystal nucleus does not produce in a cooling process, So that it is in a overcooling State and the Silicon film becomes amorphous. Therefore, an optimum laser energy is determined within a narrow range under a condition that a film is melted Sufficiently and a portion as a crystal nucleus remains.
However, in a cooling process after irradiation of laser light or the like in the present invention, a portion (high thermal conductivity material film to be selectively formed)
in which a crystal nucleus produces first is predetermined and therefore a crystal growth progresses from the crystal nucleus in any cooling process. In an extremely wide energy range that a film is melted Sufficiently and is not evaporated, a Silicon film having about the same crystallinity can be obtained stably. In a conventional laser crystallization, Since an optimum laser energy range is narrow as described above, character istics of an obtained thin film Semiconductor device are not Stable and mass production is low. Since the optimum laser energy range is extended Sufficiently by the present invention, characteristics of the obtained Semiconductor device are stable. Therefore, laser crystallization of the present invention is a Semiconductor proceSS having high mass production. The present invention is useful on industry.
What is claimed is:
1. A method for producing a Semiconductor device com prising the Steps of:
Selectively forming a film comprising a high thermal conductivity material adjacent to an insulating Surface; forming a Semiconductor film comprising Silicon which is amorphous or crystalline; heating the Semiconductor film; cooling the heated Semiconductor film to grow crystals from a region of the Semiconductor film formed adja cent to the film comprising the high thermal conduc tivity material; and producing the Semiconductor device using the cooled Semiconductor film, wherein the high thermal conductivity material comprises aluminum nitride, boron nitride, or diamond.
2. The method of claim 1 wherein the semiconductor device includes a thin film transistor.
3. The method of claim 2 wherein the film comprising the high thermal conductivity material does not overlap with a channel forming region of the thin film transistor.
4. The method of claim 2 wherein a channel forming region of the thin film transistor is Single crystalline or Substantially single crystalline.
5. A method for producing a Semiconductor device com prising the Steps of Selectively forming a film comprising a high thermal conductivity material on an insulating Surface; forming a Semiconductor film comprising Silicon which is amorphous or crystalline; melting the Semiconductor film by irradiating a pulse laser light or an intense light having an energy equivalent to that of the pulse laser light; cooling the melted Semiconductor film to grow crystals from a region of the Semiconductor film formed adja cent to the film comprising the high thermal conduc tivity material; and producing the Semiconductor device using the cooled Semiconductor film, wherein the high thermal conduc tivity material comprises aluminum nitride, boron nitride, or diamond.
6. A method for producing a Semiconductor device on a Substrate having an insulating Surface, the Substrate having a thinner portion, comprising the Steps of Selectively forming a film comprising a high thermal conductivity material on the insulating Surface; forming a Semiconductor film comprising Silicon which is amorphous or crystalline; melting the Semiconductor film by irradiating a pulse laser light or an intense light having an energy equivalent to that of the pulse laser light; cooling the melted Semiconductor film to grow crystals from a region of the Semiconductor film formed adja cent to the film comprising the high thermal conduc tivity material; and producing on the thinner portion of the Substrate the Semiconductor device using the cooled Semiconductor 
